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(54) Jumper tracing system 

(57) The present invention includes a system for 
tracing jumpers used in an exchange to cross-connect 
optical fibers or wires served by the exchange. The sys- 
tem includes an exchange housing receptacles with opti- 
cally-encoded data associated with each receptacle or 
a group of receptacles. The optically-encoded data for a 
receptacle(s) uniquely identifies the physical location of 
the receptacle from any other receptacle in the 
exchange. Also, this optically-encoded data can include 
the type of jumper and/or length of the jumper to be used 
with the receptacle, the correct routing of the jumper 
through the exchange, the traffic to be carried on the 
jumper and/or the identity of the physical location of the 
receptacle to be connected to the other end of the 
jumper. Likewise, the jumpers each have optically- 
encoded data formed thereon that uniquely identifies the 
jumper or jumper end and distinguishes the jumper from 
any other jumper used in the exchange. The optically- 
encoded data associated with the jumper can include the 
type of jumper, the length of the jumper, the proper rout- 
ing of the jumper through the exchange and/or the traffic 
to be carried on the jumper. If no jumper is to be con- 
nected to a particular receptacle, a cover with optically- 
encoded data can be attached to a receptacle to indicate 
that no jumper is connected to the receptacle. The sys- 
tem of this invention also includes a hand-held optical 
scanner that can be used by an operator to scan the opti- 
cally-encoded data associated with a receptacle(s) and 
the optically-encoded data of a jumper(s) connected to 
the receptacle(s), and transmits the optically-encoded 
data signals to a computer of the system of this invention. 
The computer can generate a display of the physical 
location of a receptacle(s) in association with the identity 



of the jumper(s) and connected thereto, so that an oper- 
ator can diagnose misconnections of the jumpers 
between receptacles in the exchange. Further, the com- 
puter can store verification data that can be compared 
with optically-encoded data signals from scanning with 
the optical scanner, to determine whether the proper 
jumper has been connected to a receptacle, whether the 
jumper is of appropriate type or length for the cross-con- 
nection and whether the jumper or receptacle is associ- 
ated with traffic that is of interest to the operator, for 
example. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention is directed to a tracing system for 
jumpers used in an exchange to cross-connect optical 
fibers or wires. 

2. Description of the Related Art 

Exchanges are widely used to cross-connect optical 
fibers or wires to establish signal transmission paths. 
Typically, an exchange houses a large array of recepta- 
cles or sockets receiving respective ends of the optical 
fibers or wires served by the exchange. To establish 
cross-connections, jumpers with an optical fiber or wire 
core and an outer protective covering are used. A signal 
transmission path is established by plugging the ends of 
an optical fiber or wire jumper into two receptacles so 
that a signal can travel from the optical fiber or wire 
mounted to one receptacle, to the optical fiber or wire 
mounted to the other receptacle via the jumper. Of 
course, a large number of cross-connections between 
receptacles are used in an exchange, so a correspond- 
ingly large number of jumpers must be used to establish 
these cross-connections. 

The large number of jumpers used in an exchange 
renders administration of the cross-connections 
extremely difficult and tedious for an operator to perform. 
More specifically, if an operator is required to establish 
or change a cross-connection, or replace a faultyjumper, 
for example, the operator must identify a particular 
jumper from among numerous bundles of jumpers con- 
nected between receptacles in the exchange. Also, once 
a particular jumper has been located in the exchange, 
jumper characteristics such as length or type, the routing 
of the jumper through the exchange and/or the traffic car- 
ried on the jumper, may not be apparent from external 
examination of the jumper. 

In an effort to provide a solution to some of the prob- 
lems noted above, a computer system has been used to 
store a data record of the addresses of the physical loca- 
tions of the receptacles served by an exchange. In asso- 
ciation with each address, the address of the receptacle 
that should be connected to a given receptacle with a 
jumper is also stored, together with the jumper length 
and jumper routing through the exchange. However, this 
system is greatly susceptible to human error because 
rather large amounts of data are input and maintained 
by a human operator using a keyboard. More specifically, 
problems can readily occur if a human operator inputs 
an incorrect jumper identity for a receptacle or inputs the 
wrong jumper length or routing, for example. Aiso, this 
system is totally without the capability to verify whether 
jumper connections between receptacles have been 
properly made. 



One system that has been used to verify whether 
correct jumper connections have been made in an 
exchange requires specially adapted jumpers having 
auxiliary plastic fiber extending along their lengths. The 

s receptacles of the exchange also have auxiliary plastic 
fibers leading to control circuitry. When a jumper is 
plugged into a receptacle, its plasticf iber is optically con- 
nected to the receptacle's plastic fiber. Accordingly, 
when both ends of the specially adapted jumper are cou- 

10 pled to respective receptacles, an optical pulse can make 
a complete circuit running from the control circuitry 
through a receptacle's plastic fiber, through a jumper's 
plastic fiber and back to the control circuitry through 
another receptacle's plastic fiber. By optically pulsing a 

75 particularfiberanddeterminingthe receptacle fiber upon 
which the optical pulse is returned to the control circuitry, 
the control circuitry can determine the actual connection 
between receptacles so that an operator can verify 
whether cross-connections have been made correctly. 

so Although meritorious to an extent, this system suffers 
from the drawback that the jumpers must be specially 
manufactured with auxiliary plastic fibers. Likewise, the 
receptacles, the receptacle housing and control circuitry 
must be specially manufactured using non-standard 

25 items, and the overall system is relatively complicated. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems and 

30 deficiencies noted above. The present invention includes 
a system with an exchange housing a plurality of recep- 
tacles. The receptacles receive respective optical fibers 
or wires at one end, and have respective sockets at the 
other ends thereof. Importantly, optically-encoded data 

35 is placed on the exchange in association with respective 
receptacles or groups of receptacles, to uniquely identify 
the physical location of the receptacles and distinguish 
the receptacles from other receptacles housed in the 
exchange. The optically-encoded data for the recepta- 

40 cles can also indicate the type of jumper and/or length 
ot the jumper to be used with the receptacle, as well as 
the correct routing of the jumper through the exchange, 
the traffic to be carried thereon and/or the identity of the 
physical location of the receptacle to be connected to the 

45 other end of the jumper. 

For example, the optically-encoded data such as a 
bar code(s) can be printed on a non-adhesive side of a 
sticker, and placed on the exchange in association with 
a receptacle or small group of receptacles using an 

so adhesive side of the sticker. Also, for example, the opti- 
cally-encoded data identifying the receptacle(s) can 
include a plurality of bar codes identifying the bay, frame, 
shelf and module in which a receptacle(s) is located in 
the exchange. The system of this invention also includes 

55 a plurality of jumpers for establishing respective cross- 
connections in the exchange by connecting the connec- 
tors at each end of the jumper into respective appropriate 
receptacles. Importantly, the jumpers have optically- 
encoded data uniquely identifying the jumper from any 
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other jumper used in the exchange. The optically- 
encoded data tor the jumpers can also indicate the type 
of jumper, the length of the jumper, the proper routing of 
the jumper through the exchange and/or the traffic to be 
carried on the jumper. The optically-encoded data can 5 
be provided in association with each end of a jumper to 
not only identify the jumper itself, but also the end of the 
jumper with which the optically-encoded data is associ- 
ated. The jumper has connectors attached at each end 
and the connectors are each adapted to slide into and 70 
hold in position in a receptacle. The optically-encoded 
data can be formed on a flat, exposed integral surface of 
a connector or can be formed on a tag adapted to slidably 
fit on the connector attached to the end of a jumper. Fur- 
ther, the system of this invention includes covers that can 75 
be fitted to respective receptacles. Each cover has opti- 
cally-encoded data indicating that no jumper is con- 
nected to the receptacle to which the cover is attached. 
The cover advantageously prevents dust and the like 
from entering the receptacle. 20 

The system of this invention also includes a hand- 
held optical scanner for scanning the optically-encoded 
data placed in association with the receptacles in the 
exchange, as well as the optically-encoded data for a 
jumper. Based on this scanning, the optical scanner gen- 25 
erates signals for transmission to a computer which is a 
part of the system of this invention. The signals can be 
transmitted from the optical scanner by radio transmis- 
sion, or by wire lead coupled to the computer. If radio 
transmission is used, the system of this invention 30 
includes a receiver interface coupled to the computer, to 
receive the signals from the optical scanner and convert 
them into a form compatible with the computer. The com- 
puter includes a processor, a memory and a display unit 
and can include a manual data input (MDI) unit. Based 35 
on the signals received from the optical scanner, the 
computer is capable of generating a display of a physical 
location of a receptacle in the exchange in association 
with the jumper or jumper end connected to the recep- 
tacle. Further, in association with the identity of the phys- 40 
ical location of a receptacle, the computer can generate 
a display including the type of jumper, the jumper length, 
the routing of the jumper to be used with the receptacle, 
the identity of the physical location of the receptacle to 
which the other end of the jumper is to be attached and/or 45 
the traffic to be carried by the receptacle, based on a 
signal generated by scanning the optically-encoded data 
associated with a receptacle, using the optical scanner. 
Also in association with the identity of a jumper actually 
connected to a receptacle, the computer can generate a so 
display including the type of jumper, the jumper length, 
the routing of the jumper, the traffic to be carried by the 
jumper and the identities of the receptacles to which the 
jumper or respective jumper ends are to be connected 
based on a signal generated by scanning the optically- ss 
encoded data associated with a jumper, using the optical 
scanner. An operator can use this display to compare the 
information pertaining to the receptacle with the informa- 
tion pertaining to the jumper connected to the receptacle, 



to determine whether the correct jumper or jumper end 
has been connected to a particular receptacle, to deter- 
mine whether the jumper is the appropriate type or length 
for a connection, and to determine whether the jumper 
has been routed correctly by comparing the actual rout- 
ing of the jumper with that on the display. Alternatively, 
the computer can compare the information pertaining to 
the receptacle with the information pertaining to the 
jumper connected to the receptacle, and indicate any 
discrepancies on the display. Also, an operator can use 
the display to determine whether the receptacle and con- 
nected jumper are associated with traffic that is of inter- 
est to the operator as often an operator must establish 
or change cross-connections for a particular client. In 
addition, the computer can be used to perform verifica- 
tion of proper cross-connections by comparing the infor- 
mation obtained by scanning the optically-encoded data 
for a receptacle and/or its connected jumper, with verifi- 
cation data stored in the memory of the computer. The 
verification data can include the identities of the physical 
iocaiions of the receptacies housed in the exchange in 
association with the identities of the jumper or jumper 
end that should be connected to each receptacle, if any, 
the jumper type, length, routing, the traffic to be carried 
by the jumper and/or the identity of the physical location 
of the receptacle to which the other end of the jumper 
that should be connected. This verification data can be 
input to the computer's memory from an external source, 
input by an operator using an MDI unit or, in accordance 
with this invention, input by scanning the optically- 
encoded data associated with the receptacles and con- 
nected jumpers in the exchange. 

Accordingly, the system of this invention provides an 
operator with the capability to readily determine whether 
correct cross-connections have been made in the 
exchange, with relative simplicity and reduced expense 
compared to previous systems. 

These together with other objectives and advan- 
tages of this invention which will become subsequently 
apparent, reside in the details of construction and oper- 
ation as more fully hereinafter described and claimed, 
reference being had to the accompanying drawings, 
forming a part hereof, wherein like numerals refer to like 
parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram of a system in accordance with 
this invention; 

Figure 2 is a perspective view of a jumper connector 
with optically-encoded data thereon; 
Figure 3 is a perspective view of a tag with optically- 
encoded data that is adapted to slidably fit on a 
jumper connector; 

Figure 4 is a diagram showing a scanning operation 
to read optically-encoded data associated with a 
module containing a group of receptacles; 
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Figure 5 is a diagram showing a scanning operation 
for scanning the optically-encoded data on jumper 
connectors and covers; 

Figure 6 is a view of a display that can be generated 
by the computer, based on the scanning operations 
of Figures 4 and 5. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In Fig. 1 , the system of this invention includes an 
exchange 1 with a bay 2. The bay 2 is subdivided into 
two frames 3, each housing eight shelves 4. Each shelf 
4 includes twelve modules 5, only a few of which are spe- 
cifically indicated in Fig. 1 to avoid unnecessary compli- 
cation. Each module 5 includes a group of six 
receptacles 6. For simplicity, only six receptacles 6 are 
specifically indicated in Fig. 1 . The receptacles 6 receive 
respective optical fibers or wires at one end thereof. This 
end of the receptacle is not visible in Fig. 1 as it is on the 
back side of the bay 2 which is not shown Fig. 1 . At the 
ends on the front side of the bay 2 illustrated in Fig. 1, 
the receptacles 6 are each adapted to receive a connec- 
tor 7 attached to the end of a jumper 8. Therefore, by 
plugging the connector 7 at one end of the jumper 8 into 
an appropriate receptacle 6 and the connector 7 
attached to the other end of the jumper 8 into another 
receptacle 6, a cross-connection can be established in 
the exchange 1 . Although the jumpers 8 are not shown 
as connected to any receptacle 6 in Fig. 1, it will be 
appreciated that in the typical exchange, large numbers 
of jumpers 8 would be so connected. Thus, the enormity 
of the problem of administering the jumpers 8 and the 
need for the present invention should be appreciated. 

Although only one bay is illustrated in Fig. 1 for sim- 
plicity, the typical exchange has several bays to accom- 
modate the large number (typically several tens of 
thousands) of cross-connections normally required in an 
exchange. Also, each bay in the typical exchange con- 
tains several frames, but for simplicity, only two frames 3 
have been illustrated in Fig. 1. Further, the number of 
shelves in a frame, the number of modules in a shelf and 
the number of receptacles in a module, can be different 
than the numbers of shelves 4, modules 5 and recepta- 
cles 6 shown in Fig. 1 without departing from the scope 
of this invention. In addition, the use of frames, shelves 
and modules can be dispensed with entirely by building 
bays with arrays of receptacles, and such configuration 
can also be used with the present invention. 

Importantly, each group of six receptacles 6 in a 
module 5 have optically-encoded data 9 placed in asso- 
ciation therewith. For simplicity, only four of the optically- 
encoded data 9 are specifically indicated in Fig. 1 . This 
optically-encoded data uniquely identifies the physical 
location of the group of receptacles 6 in a module 5 and 
distinguishes these receptacles 6 from other receptacles 
6 housed in the exchange 1 . The optically-encoded data 
9 for the receptacle 6 can also indicate the type of jumper 
8 and/or length of the jumper 8 to be used with the recep- 



tacle 6, as well as the correct routing of the jumper 8 
through the exchange 1 . The optically-encoded data 9 
can as well indicate the traffic to be carried on the jumper 
8 and/or the identity of the physical location of the recep- 

5 tacle 6 to be connected to the other end of the jumper 8. 
The optically-encoded data can be such as a bar code 
printed on a non-adhesive side of a paper or plastic 
sticker that is placed on the exchange 1 in association 
with a receptacle(s) 6 using an adhesive side of the 

jo sticker. The development of two-dimensional bar codes 
has enabled considerably dense encoding so that a rel- 
atively large amount of data can be represented by the 
optically-encoded data 9. However, if necessary, the 
encoding density can be reduced to an extent by identi- 

15 fying the physical location of a receptacle(s) 6 using not 
only the optically-encoded data 9, but also optically- 
encoded data 1 0 associated with each shelf 4 indicating 
the physical location of the shelf 4 in the exchange 1, 
optically-encoded data 1 1 associated with each frame 3 

so indicating the physical location of the frame 3 in the 
exchange 1, and optically-encoded data 12 associated 
with the bay 2 uniquely identifying the physical location 
of the bay 2 in the exchange 1 . Preferably, dense optical- 
encoding is used so that only one optically-encoded data 

25 9 is used for each receptacle 6 or small groups of recep- 
tacles 6 (i.e., the group of receptacles 6 contained in a 
module 5). 

The jumpers 8 have optically-encoded data 13 asso- 
ciated therewith. This optically-encoded data 13 

30 uniquely identifies and distinguishes the jumper 8 from 
any other jumper 8 used in the exchange 1 . Preferably, 
the optically-encoded data 13 is of a different type than 
the optically-encoded data 9 (and optically-encoded data 
10, 11, 12 if used). For example, Code 39 or PDF 417 

35 coding can be used for the optically-encoded data 9 
whereas channel coding can be used for the optically- 
encoded data 13. Although the jumper 8 can be such 
that it has only one set of optically-encoded data 13 
formed thereon to uniquely identify the jumper 8, the 

40 jumper 8 preferably has optically-encoded data 13 asso- 
ciated with both ends of the jumper 8 to uniquely identify 
the jumper end from any other jumper end used in the 
exchange 1 . The jumper 8 has connectors 7 attached at 
each jumper end and the connectors 7 are each adapted 

45 to slide into and hold in position in a receptacle 6. The 
optically-encoded data 13 can be formed on a flat- 
exposed integral surface of a connector 7 or can be 
formed on a tag adapted to slidably fit on the connector 
7 attached to the end of a jumper 8 (the specific embod- 

50 iments of the optically-encoded data 1 3 will be explained 
in more detail with reference to Figures 2 and 3 later in 
this specification.) Importantly, the optically-encoded 
data for the jumpers 8 not only uniquely identifies the end 
of the jumper 8 from any other jumper 8 used in the 

ss exchange 1 , but can also indicate the type of jumper 8, 
the length of the jumper 8, the proper routing of the 
jumper 8 through the exchange 1 and/or the traffic to be 
carried on the jumper 8. 
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The system of this invention also includes a hand- 
held optical scanner 14 that can be used to scan the opti- 
cally-encoded data associated with a receptacle 6 or 
group of receptacles 6 (i.e., a module 5), as well as the 
optically-encoded data 10,11,12 associated with a shelf 
4, a frame 3, and a bay 2, respectively. Of course, the 
optical scanner 1 4 can also be used to scan the optically- 
encoded data 1 3 associated with a jumper 8. The optical 
scanner 14 preferably uses radio transmission to trans- 
mit scanned optically-encoded data 9 and 1 3 (and opti- 
cally-encoded data 10, 11, 12 if needed) to a computer 
1 5 which is a part of the system of this invention. For 
example, the optical scanner 14 can be one of a number 
of commercially-available models such as the 
LDT3805/LRT3800 manufactured by Symbol Express, 
Inc. of Bohemia, New York, or various models such as 
the LXE scanner available from Welch Allyn, Ska- 
neateles Falls, New York. By radio transmitting the opti- 
cally-encoded data to a receiver interface 16 coupled to 
the computer 15, a user of the hand-held optical scanner 
1 4 is provided with freedom of movement as no wire lead 
connects the optical scanner 14 to the computer 15. 
However, if a trailing wire lead would not be inconvenient 
for the user of the hand-held optical scanner 14 or the 
expense of a radio-transmitting optical scanner 1 4 is too 
great a direct wire connection from the optical scanner 
14 to the computer 15 can be used. 

The receiver interface 1 6 receives with its antenna 
the optically-encoded data transmitted from the antenna 
of the optical scanner 14 and converts this optically- 
encoded data into a form compatible with the computer 
15. Also, the radio interface 16 can be such as to distin- 
guish whether optically-encoded data 9 (and 10, 11, 12 
if used) or optically-encoded data 1 3 has been scanned 
based on the encoding scheme, and indicate to the com- 
puter 15 whether the scanned optically-encoded data 
pertains to a receptacle 6 or a group of receptacles 6, or 
pertains to a jumper 8. The receiver interface 16 is com- 
mercially available from companies that manufacture 
optical scanners or from other commercial sources such 
as personal computer and associated accessories man- 
ufacturers. The receiver interface 16 provides the con- 
vened optically-encoded data 9 (and 10, 11, 12 if used) 
and 13 to the computer 15. The computer 15 includes a 
processor 17, a memory 18, a manual data input (MDI) 
unit 19 and a display 20. The processor 1 7 controls the 
storing of the optically-encoded data received from the 
optical scanner 14 in the memory 18. The processor 17 
in conjunction with the memory 18 can be used to gen- 
erate a display on the display unit 20, based on the opti- 
cally-encoded data signals from the optical scanner 14. 
More specifically, the user can scan the optically- 
encoded data 9 for a particular receptacle 6 or a group 
of receptades6 (i.e., a module 5), and scan the optically- 
encoded data 1 3 associated with the jumper(s) 8 con- 
nected to this receptacle(s) 6. The processor 1 7 can be 
programmed to store the optically-encoded data signals 
from the optical scanner 14 in the memory 18 and/or to 
generate a display on the display unit 20. This display 
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can include the identity of the physical location of the 
receptacle 6 in association with the identity of the jumper 
8 or the end of the jumper 8 connected to the receptacle 
6. Further, in association with the identity of the physical 

5 location of the receptacle 6, the computer 1 5 can gener- 
ate a display including the type of jumper 8, the jumper 
length, the routing of the jumper 8 to be used with the 
receptacle 6, the identity of the physical location of the 
receptacle 6 to which the other end of the jumper 8 is to 

10 be attached and/or the traffic to be carried by the recep- 
tacle 6, based on the signal generated by scanning the 
optically-encoded data 1 3 associated with the receptacle 
6, by using the optical scanner 14. Also, in association 
with the identity of the jumper 8 or the end of the jumper 

15 8 actually connected to the receptacle 6, the computer 
15 can generate a display including the type of jumper 
8, the jumper length, the routing of the jumper 8, the traf- 
fic to be carried by the jumper 8 and the identities of the 
receptacle(s) 6 to which the jumper(s) 8 or respective 

20 jumper end(s) are to be connected, based on a signal 
generated by scanning the optically-coded data associ- 
ated with the jumper 8, with the optical scanner 14. The 
user or operator can use this display to compare the 
information pertaining to the receptacle 6 with the infor- 

25 mation pertaining to the jumper 8 to determine whether 
the correct jumper 8 or jumper end has been connected 
to the receptacle 6, to determine whether the jumper 8 
is the appropriate type or length for a cross-connection, 
and to determine whether the jumper 8 has been routed 

30 correctly by comparing the actual routing of the jumper 
8 with that on the display. Alternatively, the computer 15 
can be programmed to compare the information pertain- 
ing to the receptacle 6 or group of receptacles 6, with the 
information pertaining to the connected jumper(s) 8, to 

35 determine and indicate any discrepancies on the display. 
Also the operator or user can use the display to deter- 
mine whether the receptacle 6 and connected jumper 8 
are associated with traffic that is of interest to the oper- 
ator as often an operator must establish or change cross- 

40 connections for a particular client. In addition, the com- 
puter 1 5 can be used to perform verification of proper 
cross-connections by comparing the information 
obtained by scanning the optically-encoded data for the 
receptacle 6 and its connected jumper 8, with verification 

45 data stored in the memory 18 of the computer 15. The 
verification data can include the identities of the physical 
locations of the receptacles 6 housed in the exchange 1 
in association with the identities of the jumper 8 or jumper 
end to be connected to each receptacle 6 (if any), the 

so jumper type, length, routing, the traffic to be carried by 
the jumper 8 and/or the identity of the physical location 
of the receptacle 6 to which the other end of the jumper 
8 is to be connected. If comparison of the optically- 
encoded data signals from either the receptacle(s) 6 or 

ss the jumper(s) 8 connected to the receptacle(s) 6 do not 
match the corresponding verification data stored in the 
memory 18, the processor 17 can cause the display unit 
20 to flag or blink any of the jumper or receptacle data 
that does not match the verification data. Accordingly, the 
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display can be readily used by an operator to determine 
any problems or potential problems in cross-connections 
that may exist in the exchange 1 . The verification data 
can be input to the memory 18 of the computer 15 from 
an external source, input by an operator using the MDI 5 
unit 19, or in accordance with this invention, input by 
scanning the optically-encoded data associated with the 
receptacles 6 and connected jumpers 8 in the exchange 
1 . More specifically, once cross-connections have been 
made using the jumpers 8 in the exchange 1 , the user 10 
can scan the optically-encoded data 9 associated with 
the receptacle(s) 6 and scan the optically-encoded data 
13 of the jumpers 8 connected to the receptacle(s) 6 
sequentially for every receptacle 6 or group of recepta- 
cles 6 and connected jumper 8 in the exchange 1 . The 15 
optically-encoded data signals generated by this proce- 
dure can be transmitted from the optical scanner 1 4 to 
the computer 15 by the receiver interface 16, and stored 
in the memory 18 as verification data. 

Fig. 2 is a perspective viewof a connector 7 attached 20 
to a jumper 8. The connector 7 in Fig. 2 is a standard 
connector (SC) type (see, e.g. U. S. Patent No. to 
5,212,752 to Stephenson, et al.) but other types of con- 
nectors (such as those disclosed in U.S. Patent Nos. 
4,934,785 to Mathis, et ai.) can be used without depart- 25 
ing from the scope of this invention . The SC connector 
7 has an end 21 constructed to fit in a receptacle 6 which 
is widely available and can be, for example, such as 
those disclosed in U.S. Patent Nos. 

. In Fig. 2, the connector 7 is held 30 
in position in the receptacle 6 by locking surfaces 22 that 
receive respective hooked members in the receptacle 6 
(not shown in Fig. 2), and a ridge 23 that slides into a 
groove in the receptacle 6 (not shown in Fig. 2). Impor- 
tantly, the connector 7 has an exposed flat surface 24 35 
upon which the optically-encoded data 1 3 can be formed 
by printing with an optically-encoded data printer which 
can be one of a number of commercially available types 
such as the Zebra 140 printer. In Fig. 2, the exposed fiat 
surface 24 is a plastic flange integrally formed with the 40 
connector 7 that protrudes outwardly from the side of the 
connector 7 so that it is exposed and can be scanned 
using the optical scanner 14. 

Fig. 3 is a perspective view of a tag 25 that can be 
coupled to an SC connector 7 as shown in Fig. 2. The 45 
tag 25 can be formed from a material such as plastic and 
includesaflat exposed surface 26 with optically-encoded 
data 1 3 formed thereon by printing, for example. The tag 
25 has three perpendicular edge surfaces 27, 28, 29 
which are sized to fit on the end of the SC connector 7 so 
of Fig. 2. To hold the tag 25 in place on the SC connector 
7, the tag 25 includes hooked members 30. 31 which 
engage with a side of the connector 7. So that the tag 25 
will not tend to toggle on the connector 7, a protrusion 
32 is formed on the edge surface 29 in proximity to the ss 
hooked member 31. The hooked member 31 and the 
protrusion 32 receive therebetween the ridge 23 of the 
connector 7 (see Fig. 2) to firmly hold the tag 25 in posi- 
tion on the connector 7. Of course, it will be appreciated 



that other embodiments than those of Figs. 2 and 3 can 
be used to form the optically-encoded data 13 in asso- 
ciation with a jumper 8 or jumper end without departing 
from the scope of this invention. 

Fig. 4 is a diagram illustrating a scanning operation 
performed for a group of six receptacles 6 (i.e., a module 
5). The user manipulates the optical scanner 14 so that 
the scan beam 33 emitted by the optical scanner 14 
reads the optically-encoded data 9 associated with the 
module 5. In Fig. 4, the fourth module 5 from the right- 
hand side in the second shelf 4 of the first frame 3, is 
scanned. As previously explained, the optically-encoded 
data 10, 1 1 , 1 2 can be used in conjunction with the opti- 
cally-encoded data 9 to identify the physical location of 
the module 5 if the optically-encoded data 9 is not of a 
coding type that can sufficiently densely encode the 
information desired to be provided therein. 

Fig. 5 is a diagram illustrating the scanning operation 
for scanning the receptacles 6 associated with a module 

5. The user manipulates the optical scanner 14 so that 
the scan beam 33 reads the optically-encoded data 13 
associated with each jumper end connected in the mod- 
ule 5 that was scanned in Fig. 4. In the particular module 

5 scanned in Fig. 5, three of the receptacles have no 
jumper 8 connected thereto. Accordingly, in accordance 
with this invention, covers 34 are fitted into these recep- 
tacles 6. Each cover 34 can be a flat plastic plate on an 
exposed side of the cover 34 with a connector formed on 
the backside to engage with the receptacle 6. The cover 
34 prevents dust and the like from entering the recepta- 
cle 6 to which the cover 34 is attached. The covers 34 
are provided with optically-encoded data 35 that indi- 
cates that no connector 7 is coupled to that particular 
receptacle 6. The optical scanner 1 4 reads the optically- 
encoded data 1 3 and 35 sequentially from the top to the 
bottom of the module 5. Accordingly, the optically- 
encoded data signal generated by the optical scanner 1 4 
includes a sequence of data with the optically-encoded 
data 1 3 for the first jumper end connected to the first 
receptacle 6, the optically-encoded data 35 indicating 
that no jumper 8 is connected to the second receptacle 

6, the optically-encoded data 13 of the jumper end con- 
nected to the third receptacle 6, the optically-encoded 
data 13 for the jumper end connected to the fourth recep- 
tacle 6, and optically-encoded data 35 indicating that no 
jumper 8 is connected to the fifth and sixth receptacles 

6 in the module 5 scanned in Fig. 5. 

Fig. 6 is a diagram of a display which can be gener- 
ated by the computer 1 5 on its display unit 20 as a result 
of the scanning operations of Figs. 4 and 5. The optically- 
encoded data signal from the optically-encoded data 9 
associated with a receptacle(s) 6 uniquely identifies the 
physical location of the receptade(s) 6 in the exchange 
1 . More specifically, the display includes the bay number 
(Bay 1) in field 36, the frame number (Frame 1) in field 
37, the shelf number (Shelf 2) in field 38, and module 
number (Module 4) in field 39 and the receptacles num- 
bers 1 -6 in fields 40-45. As a result of the scanning oper- 
ation performed in Fig. 5, the computer 1 5 generates the 
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identity of the jumper end or cover 34 connected to each 
of the receptacles 1-6. Thus, in association with the 
physical locations of the receptacles 6 numbered 1, 3, 
and 4, the jumper end identities "1 1241" "11243," and 
"11244", respectively, are displayed in fields 46, 48, 49 5 
by the display unit 20. In association with the identities 
of the physical locations of the receptacles 6 numbered 
2, 5 and 6, a "00000" occurs in fields 47, 50, 51 in the 
display to indicate that no jumper 8 is connected to these 
receptacles 6. As previously noted, the computer 1 5 can jo 
compare the optically-encoded data 9, 10, 11, 12, 13 and 
35 with verification data stored in the memory 18, to 
determine if any discrepancies exist. Any discrepancies 
can be indicated by flagging or flashing a field for which 
there is a discrepancy, for example. In Fig. 6, the recep- 75 
tacle identities match the jumper end identities, so no dis- 
crepancies exist. Accordingly, the operator is assured 
that appropriate connections of receptacles 6 and con- 
nected jumpers 5 have been made. 

Although the display of Fig. 6 only indicates the iden- so 
tity of the physical location of receptacles 6 in association 
with the jumpers ends connected thereto, other data can 
be displayed by the display unit 20 as previously noted. 
This information for the optically-encoded data 9 as well 
as the optically-encoded data 10, 11, 12 (if used) can zs 
include the type of jumper 8 and/or the length of the 
jumper 8 to be used with the receptacle 6, the correct 
routing of the jumper 8 through the exchange 1 , the traffic 
to be carried on the jumper 8, and/or the identity of the 
physical location of the receptacle 6 to be connected to 30 
the other end of the jumper 8. Further, in association with 
the identity of the jumper 8 or jumper end, the optically- 
encoded data 13 can indicate the type of jumper 8, the 
length of the jumper 8, and the proper routing of the 
jumper 8 through the exchange 1 the traffic to be carried 35 
on the jumper 8 and/or the identity of the physical loca- 
tion of the receptacle 6 to be connected to the other end 
of the jumper 8. The information pertaining to a particular 
receptacle 6 can be compared with the i nformation asso- 
ciated with the jumper 8 or jumper end connected to that <*o 
receptacle 6, so that an operator can find any discrep- 
ancies which might indicate the existence of a problem 
or potential problem in the cross-connections in the 
exchange 1 . Further, the computer 1 5 can be provided 
with verification data for comparison with any of the data 45 
obtained from the optically-encoded data 9-12 associ- 
ated with a receptacle(s) 6 and/or with the optically- 
encoded data 1 3 for a jumper 8 or jumper end connected 
to a receptacle 6, to further provide an operator with the 
ability to diagnose any problems with cross-connections so 
in the exchange 1. 

Although the invention has been described with specific 
illustrations and embodiments, it will be clear to those of 
ordinary skill in the art that various modifications may be 
made therein without departing from the scope of the 55 
invention as outlined in the following claims. For exam- 
ple, although the optically-encoded data 13 in Figs. 5 and 
6 pertain to a jumper end, this optically-encoded data 1 3 
could be such that it pertains to the jumper 8 as a whole, 
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and not specifically the jumper end. Further, although in 
Fig. 6 the connections are verified as correct if the opti- 
cally-encoded data 9 and 35 matches the optically- 
encoded data 9, the optically-encoded data 1 3 can have 
different values than the optically-encoded data 9 asso- 
ciated with a receptacle 6 or receptacle group. In this 
case, the verification data stored in the computer 1 5 can 
relate the data pertaining to a given receptacle 6 or 
receptacle group with the jumper(s) 8 with the jumper 
ends to be connected thereto so that the cross-connec- 
tions can be determined as corect or incorrect. 

Claims 

1 . An apparatus used in an exchange to establish a 
cross-connection, comprising: 

a jumper having first optically-encoded data 
at a first end of the jumper, the first optically-encoded 
data uniquely identifying the jumper. 

2. An apparatus as claimed in claim 1 , wherein the first 
optically-encoded data uniquely identifies the first 
end of the jumper. 

3. An apparatus as claimed in claim 2, wherein the 
jumper has second optically-encoded data at a sec- 
ond end of the j umper, the second optical ly-encoded 
data uniquely identifying the second end of the 
jumper. 

4. An apparatus as claimed in claim 2, wherein the first 
end of the jumper has a flat exposed surface on 
which the first optically-encoded data is formed. 

5. An apparatus as claimed in claim 4, wherein the flat 
exposed surface is an integral pan of a connector 
attached to the first end of the jumper. 

6. An apparatus as claimed in claim 4, wherein the flat 
exposed surface is a part of a tag coupled to a con- 
nector attached to the first end of the jumper. 

7. An apparatus as claimed in claim 1 , wherein the first 
optically-encoded data includes a bar code. 

8. An apparatus as claimed in claim 1 , wherein the first 
optically-encoded data includes at least one of 
jumper type, jumper length, jumper routing through 
the exchange and traffic to be carried on the jumper. 

9. A system comprising: 

A plurality of jumpers having first optically- 
encoded data formed on at least one end of each 
jumper, the first optically-encoded data uniquely 
identifying an associated jumper; 

an exchange having receptacles each 
adapted to receive an end of one of the jumpers, the 
receptacles having associated therewith second 
optically-encoded data uniquely identifying a physi- 
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cal location of the associated receptacles in the 
exchange: 

a scanner for scanning the first and second 
optically-encoded data, and generating first and 
second signals based on the first and second opti- 
cally-encoded data, respectively; and 

a computer adapted to receive the first and 
second signals, and generating a display including 
at lease an address of the physical location of a 
receptacle in association with an identity of a jumper, 
if any, connected to the receptacle, based on the first 
and second signals. 

10. A system as claimed in claim 9, wherein the compu- 
ter includes a memory storing the addresses of the 
physical locations of receptacles in the exchange, in 
association with respective identities of the jumpers, 
if any, connected to the receptacles. 

11. A system as claimed in claim 10, wherein the com- 
puter includes a processor receiving the first and 
second signals, reading from the memory a partic- 
ular address of a physical location of a receptacle 
and the associated identity of the jumper, if any, con- 
nected to the receptacle based on the first signal, 
performing a comparison between the associated 
identity of the jumper for the particular address and 
the first signal, generating a result for the compari- 
son indicative of whether the associated identity of 
the jumper for the particular address is the same as 
the first signal, and generating the display to indicate 
the result of the comparison. 

1 2. A system as claimed in claim' 9, further comprising: 

a receiver interface coupled to the computer, 
for receiving the first and second signals radio-trans- 
mitted from the scanner. 

13. A system as claimed in claim 9, further comprising: 

a wire lead coupled between the scanner and 
the computer, for carrying the first and second sig- 
nals from the scanner to the computer. 

14. A system as claimed in claim 9, wherein the 
exchange includes a plurality of modules, each 
including six receptacles, and wherein the first opti- 
cally-encoded data is associated with each module. 

15. A system as claimed in claim 14, wherein the first 
optically-encoded data includes a bar code associ- 
ated with each module. 

16. A system as claimed in claim 14, wherein the 
exchange includes a plurality of shelves, each hav- 
ing a plurality of modules, and wherein the first opti- 
cally-encoded data is associated with each shelf. 



17. A system as claimed in claim 16, wherein the first 
optically-encoded data includes a bar code associ- 
ated with each shelf. 

5 18. A system as claimed in claim 16, wherein the 
exchange includes a plurality of frames, each includ- 
ing a plurality of shelves, and wherein the first opti- 
cally-encoded data is associated with each frame. 

10 19. A system as claimed in claim 18, wherein the first 
optically-encoded data includes a bar code associ- 
ated with each frame. 

20. A system as claimed in claim 18, wherein the 
is exchange includes a plurality of bays, each including 

a plurality of frames, and wherein the first optically- 
encoded data is associated with each bay. 

21. A system as claimed in claim 20, wherein the first 
so optically-encoded data includes a bar code associ- 
ated with each bay. 

22. A system as claimed in claim 9, wherein the first opti- 
cally-encoded data includes at least one of jumper 

25 type, jumper length, jumper routing through the 
exchange and traffic to be carried on the jumper. 

23. A system as claimed in claim 9, wherein the second 
optically-encoded data includes at least one of 

ao jumper type, jumper length, jumper routing through 
the exchange and traffic to be carried on the jumper. 

24. A system as claimed in claim 9, further comprising: 

a cover fitted in a receptacle and having third 
35 optically-encoded data indicating that no jumper is 
connected to the receptacle to which the cover is 
attached. 

25. A method comprising the step of: 

40 

a) placing first optically-encoded data on a 
jumper used to establish a cross-connection in 
an exchange, the first optically-encoded data 
uniquely identifying the jumper. 

45 

26. A method as claimed in claim 25, further comprising 
the step of: 

b) placing second optically-encoded data in 
so association with receptacles housed in the 

exchange, the second optically-encoded data 
uniquely identifying a physical location of the 
receptacle in the exchange. 

55 27. A method as claimed in claim 25, wherein the first 
optically-encoded data is placed in said step (a) at 
a first end of the jumper, and wherein the first opti- 
cally-encoded data uniquely identifies the first end 
of the jumper, further comprising the step of: 



8 



DOCID: <EP 0719QS8A2 I > 



15 EP 0 719 058 A2 16 

b) placing second optically-encoded data at a 
second end of the jumper, the second optically 
encoded data uniquely identifying the second 
end of the jumper. 

5 

28. A method as claimed in claim 27, further comprising 
the step of: 

c) connecting the first and second ends of the 
jumper to the first and second receptacles, 10 
respectively, to establish a cross-connection. 

29. A method as claimed in claim 28. further comprising 
the steps of: 

15 

d) scanning the first optically-encoded data to 
generate a first signal; 

e) scanning the second optically-encoded data 
associated with the first receptacle; and 

f) generating a display of an identity of the phys- so 
ical location of the first receptacle in the 
exchange, in association with the identity of the 
first end of the jumper connected to the first 
receptacle, based on the first and second sig- 
nals. 25 

30. A method as claimed in claim 28, further comprising 
the steps of: 

d) scanning the first optically-encoded data to 30 
generate a first signal: 

e) scanning the second optically-encoded data 
to generate a second signal; and 

f) storing in a memory an identity of the first 
receptacle in association with the identity of the 35 
first end of the jumper, based on the first and 
second signals. 

31 . A method as claimed in claim 28, further comprising 

the steps of: 40 

d) scanning the first optically-encoded data to 
generate a first signal; 

e) scanning the second optically-encoded data 

to generate a second signal; 45 

f) reading stored data indicative of a jumper end 
that should be connected to the first receptacle, 
based on the second signal; 

g) comparing the stored data with thef irst signal 

to generate a result indicative of whether the so 
first end of the jumper is connected to the cor- 
rect receptacle; and 

h) generating a display based on the result 

55 
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(54) Jumper tracing system 

(57) The present invention includes a system for 
tracing jumpers (8) used in an exchange (1) to cross- 
connect optical fibers or wires served by the exchange. 
The system includes ah exchange housing receptacles 
(6) with optically-encoded data (9) associated with each 
receptacle or a group of receptacles. The optically- 
encoded data (9) for a receptacle(s) uniquely identifies 
the physical location of the receptacle from any other 
receptacle in the exchange. Also, this optically-encoded 
data (9) can include the type of jumper (8) and/or length 
of the jumper to be used with the receptacle, the correct 
routing of the jumper through the exchange, the traffic to 
be carried on the jumper and/or the identity of the phys- 
ical location of the receptacle to be connected to the 
other end of the jumper. Likewise, the jumpers each 
have optically-encoded data formed thereon that 
uniquely identifies the jumper or jumper end and distin- 
guishes the jumper from any other jumper used in the 
exchange. The optically-encoded data (9) associated 
with the jumper can include the type of jumper, the 
length of the jumper, the proper routing of the jumper 
through the exchange and/or the traffic to be carried on 
the jumper. If no jumper is to be connected to a particu- 
lar receptacle (6), a cover with optically-encoded data 
can be attached to a receptacle to indicate that no 
jumper is connected to the receptacle. The system of 
this invention also includes a hand-held optical scanner 
(14) that can be used by an operator to scan the opti- 
cally-encoded data associated with a receptacle(s) and 
the optically-encoded data of a jumper(s) connected to 



the receptacle(s), and transmits the optically-encoded 
data signals to a computer (15) of the system of this 
invention. The computer can generate a display of the 
physical location of a receptacle(s) in association with 
the identity of the jumper(s) and connected thereto, so 
that an operator can diagnose misconnections of the 
jumpers between receptacles in the exchange. Further, 
the computer can store verification data that can be 
compared with optically-encoded data signals from 
scanning with the optical scanner, to determine whether 
the proper jumper has been connected to a receptacle, 
whether the jumper is of appropriate type or length for 
the cross-connection and whether the jumper or recep- 
tacle is associated with traffic that is of interest to the 
operator, for example. 
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